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SUPERCONDUCTING CONDUCTORS AND THEIR 
METHOD OF MANUFACTURE 

Background of the Invention 
The invention relates to superconducting 
conductors such as composite superconductors. 

Superconductors are generally classified as either 
low or high temperature superconductors. An important 
property of the superconductor is the disappearance of 
its electrical resistance when it is cooled below its 
critical temperature T c . For a given superconductor 
operating below T c , a maximum amount of current --referred 
to as the critical current (I c ) of the superconductor -- 
exists which can be carried by the superconductor at a 
specified magnetic field and temperature below its 
critical temperature (T c ) and critical magnetic field 
(H c ) . Under these conditions, any current in excess of I c 
causes the onset of resistance in the superconductor. 

The transition characteristics of low temperature 
superconducting (LTS) and high temperature J 
superconducting (HTS) materials are quite different. In 
particular, for an LTS material, the transition between 
superconducting and non- superconducting occurs rather 
abruptly. This transition characteristic has made the 
use of LTS materials attractive in current limiting 
applications. Such LTS current limiting devices limit 
the flow of excessive current in electrical systems 
caused by, for example, short circuits, lightning 
strikes, or common power fluctuations. However, because 
the transition temperature of LTS materials is relatively 
low (i.e., generally about T c = 4EK to 30EK) , the cost 
associated with cooling such materials to temperatures 
below their T c =s is high. Moreover, the cryogens used to 
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achieve such low temperature add substantial cost and 
complexity, thereby lowering reliability of devices using 
such LTS materials, and must be handled with great care. 

On the other hand, the transition characteristic 

5 of an HTS material is generally not abrupt. Rather, upon 
reaching its critical temperature or critical current 
value, the superconductivity of the HTS material 
gradually diminishes as its temperature or current flow 
rises until it reaches a temperature or current value at 

10 which the material no longer has any superconductivity 

characteristic. 

Because of the significant non-linearities in the 
current-to-voltage (I-V) characteristics of both HTS and 
LTS materials over a range which includes both 
15 superconducting and non- superconducting states, small 
inhomogeneities in the critical current of the 
superconducting conductor, caused for example, by 
localized differences in diameter or composition, can 
lead to an inhomogeneous voltage distribution along the 
20 superconducting conductor, and localized thermal 

destruction of the superconducting conductor at the hot 
spots in this distribution. 

summary of the Inve ntion 
The invention features an electrical conductor 
25 well -suited for superconducting current -limiting 

applications. The electrical conductor includes an 
elongated superconductor member including a 
superconducting material extending along its length. In 
one aspect, the superconductor member is a composite 
30 having superconducting material and a non- 
superconducting, electrically conductive matrix material 
In another aspect, the superconductor member is a bulk 
superconducting material. In yet another aspect, the 
superconductor member is a composite having 
35 superconducting material mechanically supported by an 
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substantially non-conductive matrix material. The 
electrical conductor is configured to control the manner 
in which the superconductor member transitions from its 
superconducting state to its non-superconducting (i.e., 
normal) state due to, for example, a fault current 
condition . 

In a general aspect of the invention, the 
electrical conductor includes a thermal conductor 
attached to and along the length of the superconductor 
member, and an electrically-insulative material disposed 
between the thermal conductor and length of 
superconductor member, the electrically-insulative 
material having a thickness for allowing heat from the 
superconductor member to be conveyed to the thermal 

conductor. 

In another aspect of the invention, a 
superconducting current -limiting device includes a 
support structure (e.g., an inner support tube) and the 
above-described electrical conductor disposed on the 
0 support structure. 

In general, the superconductor member serves to 
carry the current during non- fault conditions with low 
electrical loss. In a preferred embodiment, a 
superconducting composite having the superconducting 
5 material and metal matrix, the matrix can provide an 
alternate current path to compensate for localized 
inhomogeneities in the superconductor during non- fault 
conditions. On the other hand, during a fault condition, 
the member carries the fault current with a high 
0 resistance for short periods of time. The thermal 

conductor serves as a thermal stabilizer and a heat sink 
during transient fault current events. In general, the 
thermal conductor prevents the superconducting material 
from getting too hot during a fault condition. The 
5 electrical conductor must not get too hot for two 
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reasons: 1) it must have a quick thermal recovery 
characteristic, and 2) rapid large changes in temperature 
can cause thermal stresses sufficient to destroy the 
superconducting material. The thermal conductor is 
; directly or indirectly thermally connected to a cooling 
channel. The cooling channel can be a liquid cryogen 
bath, gas cooling, or a conduct ion- cooling path (i.e., 

copper or alumina) . 

The electrically insulative material acts as a 
0 small thermal and electrical barrier having a two fold 
purpose. First, the insulative material prevents current 
transfer from the superconductor member into the thermal 
conductor. Second, the insulative material causes a 
delay, in the heat transfer between superconductor member 
5 and the thermal barrier so that the superconducting 
material can completely revert to its normal, non- 
superconducting state. 

The electrically- insulative material provides a 
thermal barrier that reduces the time needed for the 
>0 superconductor to transition from a superconducting state 
to a non- superconducting state, thereby reducing the 
amount of current flowing through the superconducting 
material of the member and lowering the total current 
flowing through the electrical conductor. As a result, 
25 possible damage to the superconductor member caused by 

the excessive current flow and mechanical stresses (e.g., 
hoop stresses) is minimized. 

Embodiments of either of the aspects of the 
invention may include one or more of the following 
30 features. 
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The superconducting material is in the form of a 
plurality of superconducting filaments, the 
superconducting filaments surrounded by a non- 
superconducting, metal matrix (e.g., silver or silver 
alloy) . Alternatively, the superconducting material is 
in monolithic form as a coating on a non-conductive, or 
preferably a conductive, ceramic buffer layer supported 
on a metal substrate (e.g., a nickel, copper or aluminum 
alloy) . 

The thermal conductor is formed of spaced-apart 
thermally-conductive elements. The electrically- 
insulative material and the thermal conductor, together, 
form a first laminate. A second laminate is disposed on 
the first laminate and includes a second sheet of 
electrically-insulative material disposed on the first 
plurality of the thermal conductive elements of the first 
laminate and a second thermal conductor (preferably 
formed of a second plurality of spaced-apart thermally- 
conductive elements) attached to the second electrically- 
insulative material. 

The thermally- conductive elements of the first 
laminate and the thermally-conductive elements of the 
second laminate are offset from each other relative to 
the length of the superconductor member. As a result, 
the electrical conductor has increased mechanical 
strength, particularly in wound structures. 

In certain embodiments, the first laminate is 
attached to a first side of the length of the 
superconductor member and the second laminate is 
attached to a second, opposite side of the length of the 
superconductor member. The superconductor member in this 
form is "sandwiched" between two stabilizer members, 
thereby providing improved thermal stability and 
mechanical strength. 
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The superconductor member is in the form of a tape 
having a thickness in a range between about 2 5 to 300 
microns. The superconducting material is formed of a 
high temperature, anisotropic superconducting material. 
5 The thermal conductor may be formed from a metal, 

a metal alloy or an electrical insulator with good 
thermal conductivity such as a highly mineral filled 
resin, but preferably is formed of stainless steel. Each 
of the thermally conductive elements have a thickness in 
10 a range between about 100 and 1,000 microns. The 

electrically- insulative material is formed of a glass 
epoxy or other material, such as lacquer cured by 
conventional or UV systems, thermoplastics, epoxy resins, 
or composites (i.e. glass fiber/resin composites or 
15 impregnated papers) , capable of serving as an insulator 
at cryogenic temperatures. In certain embodiments, the 
electrically- insulative material is a polyimide material 
having a thickness in a range between about 5 and 50 
microns. 

20 In an alternative embodiment, the superconducting 

material is in monolithic form with the non- 
superconducting matrix in intimate contact with the 
superconducting material. 

In still another aspect of the invention, a method 

25 of fabricating a superconducting composite includes 
attaching a thermal conductor along a length of high 
temperature superconductor, and providing an 
electrically- insulative material between the thermal 
conductor and the length of high temperature 

30 superconductor, the electrically-insulative material 
having a thickness which allows heat from the high 
temperature superconductor to be conveyed to the thermal 
conductor. In embodiments of this aspect of the 
invention, a first laminate of the thermal conductor and 

35 the electrically-insulative material is provided. 
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Further, in certain embodiments, providing the thermal 
conductor elements along the length of superconductor 
composite and providing the electrically-insulative 
material includes removing opposing side portions of an 
insulated conductive wire. 

Other advantages and features will become apparent 
from the following description and the claims. 

Brief Description of the Drawings 
Fig. 1 is an exploded view of a portion of the 
electrical conductor in accordance with the invention. 

Fig. 2 is a cross-sectional side view of the 
electrical conductor of Fig. 1. 

Fig. 3 is a graph showing current and temperature 
as a function of time for a high temperature 
5 superconductor without a thermal stabilizer. 

Fig. 4 is a graph showing current and temperature 
as a function of time for a high temperature 
superconductor having a thermal stabilizer directly 
attached thereto. 
0 Fig. 5 is a graph showing current and temperature 

as a function of time for an electrical conductor in 
accordance with the invention having a thermal barrier 
positioned between a high temperature superconductor and 
thermal stabilizer . 
5 Fig. 6 is a cross-sectional side view of a 

superconducting coil wound with the electrical conductor 
of Fig. 1. 

Figs. 7A-7C illustrate a process for fabricating 
the superconducting composite of Fig. 1. 
0 Fig. 8 is perspective view of an alternative 

approach for forming discontinuities in the thermal 
stabilizer .. 

Fig. 9 is a graph showing current and temperature 
as a function of time for another electrical conductor in 
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accordance with the invention having a thermal barrier 
positioned between a high temperature superconductor and 
thermal stabilizer. 

Detailed Description 
Referring to Fig. 1, a superconducting composite 
10 includes a superconductor tape 12 formed of high 
temperature superconductor (HTS) material, such as those 
made from superconducting ceramics, including metallic 
oxides, which are typically anisotropic, meaning that 
they generally conduct better, relative to the 
crystalline structure, in one direction than another. 
Anisotropic high temperature superconductors include, but 
are not limited to, the family of Cu-O-based ceramic 
superconductors, such as members of the 
5 rare-earth-copper-oxide family (YBCO) , the 

thallium-barium-calcium-copper-oxide family (TBCCO) , the 
mercury-barium-calcium-copper-oxide family (HgBCCO) , and 
the bismuth strontium calcium copper oxide family 
(BSCCO) . These compounds may be doped with 
0 stoichiometric amounts of lead or other materials to 
improve properties (e.g., (Bi,Pb) 2 Sr 2 Ca 3 Cu 3 O l0 . 6 ) . 

Superconductor tape 12 has a relatively high 
aspect ratio (i.e., it width is greater than its 
thickness) and is fabricated as a multi- filament 
5 composite superconductor including individual high 
temperature superconducting filaments which extend 
substantially the length of the multi - filament composite 
conductor and are surrounded by a matrix- forming material 
(e.g., silver or silver alloy). It may typically have a 
0 thickness greater than about 5 microns and up to about 
500 microns, preferably 10 to 100 microns. 

Because the superconductor is embedded within a 
conductive matrix, any incremental current above I c is 
shared between the superconductor and matrix material 
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based on the onset of resistance in the superconductor. 
The ratio of superconducting material to the total amount 
of material (i.e., the matrix- forming material and 
superconducting material) in a given cross -sect ional area 
5 is known as the "fill factor" and is generally less than 
50%. Although the matrix forming material conducts 
electricity, it is not superconducting. Together, the 
superconducting filaments and the matrix- forming material 
form a composite multifilament high temperature 
10 superconducting member . 

Laminated over superconductor tape 12 is a 
stabilizer 13 which provides a thermal path for heat 
generated within the superconductor tape 12 during the 
period when the tape is transitioning from its 
15 superconducting to its normal state for example, due to a 
fault current. In addition, stabilizer 13 provides 
mechanical support to superconductor tape 12 by absorbing 
mechanical stresses (e.g., Lorentz forces, hoop stress) 
caused by thermal expansion in the tape during the 
20 transition period. As will be described below, the 

mechanical, thermal and dimensional characteristics of ^ 
the components of stabilizer 13 is critical in 
controlling the manner in which superconductor tape 12 
transitions to its normal state. 
25 Stabilizer 13, as shown in Fig. 1, is formed as 

layers of discontinuous stabilizer members 14a, 14b, 14c, 
each having a thermally conductive strip 16a, 16b, 16c 
disposed over an electrically insulative layer 18a, 18b, 
18c. Referring to Fig. 2, in alternative embodiments, 
30 additional stabilizer members 14d, 14e, 14f having 
corresponding conductive strips 16d, 16e, 16f which 
overlie insulative layers 18d, 18e, 18f may be provided 
on the opposite side of superconductor tape 14, so that 
superconductor tape 12 lies along a neutral plane of 
35 composite 10. Conductive strips 16a-16f are formed of a 
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material of high thermal conductivity and characterized 
by high modulus, high strength, and flexibility. In 
certain embodiments, conductive strips 16a- 16f are formed 
of metal, such as stainless steel or copper having good 
5 thermal conductivity characteristics at least at the low 
temperatures in which the invention is operated. 

Referring again to both Figs. 1 and 2, insulative 
layers 18a- 18f are formed of an adhesive -backed polyimide 
material (e.g., Kapton*, a product of E.I. Dupont de 

10 Nemours, Wilmington, DE) having a thickness (e.g., 5 to 
25 microns) much less, typically 5 to 100 times less and 
preferably at least an order of magnitude less, than that 
of conductive strips 16a, 16b, 16c (e.g., 300 microns). 
In particular, insulative layers 18a-18f present a 

15 thermal barrier between superconducting composite 10 and 
stabilizer members 14a, 14b, 14c and preferably has a 
thermal conductivity at least about an order of magnitude 
lower than that of stainless steel. The thickness of 
each of insulative layers 18a-18f is selected to control 

2 0 the speed of the transition of the superconducting 

material superconductor tape 12 from its superconducting 
condition to its normal, non superconducting condition. 
Thus, the superconducting filaments transition to their 
non- superconducting state so that current flows in the 

25 matrix material of the composite, rather than the 

filaments which have a relatively higher conductivity 
characteristic in its non- superconducting state. As a 
result, the total amount of power dissipated in 
superconducting composite 10 is advantageously reduced 

30 and possible destruction of the superconducting filaments 
is minimized. 

Although the stabilizer may be formed as a 
continuous length of high modulus material, in 
embodiments which conductive strips 16a-16f are formed of 

35 electrically conductive materials, imperfections (e.g., 
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small holes or tears) may exist in the insulative layers 
18a-18f. Thus, electrical continuity between conductive 
strips 16a-16f and superconductor tape 12 can occur. In 
order to prevent a complete electrical short condition 
5 along the length of conductive strips 16a- 16f and, 

instead, present a non-attractive path for current flow, 
each strip includes discontinuities 20 in the form of 
gaps along their length to increase the resistivity of 
stabilizer members 14a-14f at the location of the 

10 imperfection. 

Referring to Figs. 3-5, fault current limiting 
characteristics for three different superconductor wire 
arrangements are shown to better demonstrate the 
advantages of the invention. 

15 Referring to Fig. 3, the fault current limiting 

characteristics of a superconductor wire without a 
thermal stabilizer is shown. In particular, waveforms 
for the current flowing through and temperature of an HTS 
superconductor (along ordinate) as a function of time 

20 (abscissa) are shown. Current waveform 100 is shown 

initially in a fault condition (e.g., lightning strike) 
with the current at point 102 exceeding 400 amperes. 
Temperature waveform 110 of the HTS superconductor is 
shown to immediately increase at the outset of the fault. 

25 Shortly after initiation of the fault (point 104) , 

current waveform 100 drops to a steady state condition 
with temperature waveform 110 continuing to steadily 
increase over a 2 00 millisecond time period, until the 
fault condition is removed (point 106). At this point, 

3 0 however, the temperature of the superconductor exceeds 
400EK, an increase of over 300EK. Generally, an HTS 
superconductor subjected to increases of over 100EK 
experience significant damage. 

Referring to Fig. 4, the use of a discontinuous 

35 stainless steel member serving as a thermal stabilizer, 
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which is disposed along and in direct contact with the 
same HTS superconductor wire of Fig. 3, is shown. In 
this case, a current waveform 200, once again is shown 
initially in a fault condition (point 202) . As was the 
case in Fig. 3, temperature waveform 210 of the HTS 
superconductor steadily increases at the onset of the 
fault. Because the thermal stabilizer is in direct 
contact with the HTS superconductor, the temperature 
waveform 212 of the stabilizer substantially follows the 
temperature waveform of the superconductor. However, 
although the thermal stabilizer tends to decrease the 
magnitude of the fault current waveform, because the 
thermal stabilizer and superconductor are in intimate 
contact, there is no mechanism to force the high 
temperature superconductor into a normal, non- 
superconducting state . 

Referring to Fig. 5, in accordance with the 
invention, the use of a discontinuous stainless steel 
member disposed over the HTS superconductor and a thermal 
barrier (e.g., Kap ton' 9 layer) disposed therebetween is 
shown. Once again, current waveform 300 is shown 
initially at a fault condition (point 302) . However, 
because the HTS superconductor member is separated from 
the discontinuous . stainless steel member by the thermal 
barrier, their respective temperatures do not track each 
other. Indeed, unlike the arrangement discussed above in 
conjunction with Fig. 4, because the superconductor 
member and stabilizer are separated, the temperature of 
the superconductor increases rapidly from approximately 
60EK to about 90EK (point 304) . Thus, the superconductor 
filaments in the superconductor wire reach their critical 
current values very quickly and becomes less conductive 
than the surrounding matrix material. The fault current 
decreases by approximately 50%. Furthermore, when the 
fault condition is eliminated (point 306) , the 
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temperature of the superconductor member decreases 
rapidly. Thus, the thermal barrier acts to provide a 
quick thermal recovery (area of enclosed circle 308) , 
thereby reducing possible damage to the HTS 
5 superconductor and helping the recovery of the 
superconductor into its superconducting state. 

As discussed above with reference to Figs. 1 and 
2, stabilizer members 14a- 14 f provide mechanical support 
to superconductor tape 12 by restricting expansion of 

10 superconducting composite 10 due to the sharp change in 
temperature during the transition period. To provide 
uniform mechanical support, the position of 
discontinuities 20 are offset from each other along the 
length of superconducting composite 10 . 

15 Referring to Fig. 6, a mechanically robust, 

high-performance superconducting current -limiting coil in 
a transformer assembly 3 0 includes an iron core 32 and a 
superconducting current - limit ing coil 34. Current- 
limiting coil 34 is wound around an inner support tube 3 5 

20 with superconducting composite 10, as described above, 
which has a low loss characteristic in its 
superconducting state, but in its normal state has a 
relatively high resistivity characteristic. Thus, in the 
event of an electrical current fault, superconductor tape 

25 12 of composite 10 reverts to its normal, non- 
superconducting, state for a time sufficient to prevent 
current -limit ing coil assembly 30 from being damaged due 
to overheating. During the time that current is being 
limited by composite 10 in its normal state, a circuit 

30 breaker or fuse can be used to open the circuit and 
prevent further current flow. 

In conjunction with Figs. 7A-7C, one approach for 
forming a stabilizer member 14a onto superconducting tape 
12 will be described. It is to be appreciated that the 

35 same process is used to form the remaining stabilizer 
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members onto superconducting composite 10. Stabilizer 
member 14a has a width and length commensurate with that 
of superconducting tape 12. 

Referring to Fig. 7A, stabilizer member 14a is 
5 initially provided in the form of a single strip 40 of 
stainless steel laminated to an insulative layer 18a 
(e.g., polyimide) . The exposed surface of insulative 
layer 18a has an adhesive 19 to allow further lamination 
to tape 12. 

10 Referring to Figs. 7B and 7C, after attachment to 

tape 12, the composite in this form is then provided to a 
cutting or punching process for forming discontinuities 
20 along the length of the composite. High precision is 
required to ensure that the cutting tool 21 extends 
15 through the thickness of the stainless steel without 
cutting through underlying insulative layer 18a. 

Other embodiments are within the claims. For 
example, although the superconducting composite described 
above utilized flat, plate-like, stabilizer members, the 
20 concept of the invention is also applicable with 
stabilizer members in other forms. 

For Example, referring to Fig. 8, a 
superconducting composite 50 includes a superconducting 
tape 52 with stabilizer members 54 disposed along wider 
25 surfaces 55 of the tape. Each stabilizer member 54 

includes a stainless steel or copper conductor 56 having 
a relatively thin electrically insulative coating 58. 
Alternatively, an insulating coating may be formed or 
otherwise provided over exposed surfaces of tape 52 . To 
30 fabricate superconducting composite 50, stabilizer member 
is provided in the form of a wire wound about tape 52. 
Portions 60 (shown in dashed lines) are then removed 
leaving behind conductor 56. 

Referring to Fig. 9, in accordance with another 
35 aspect of the invention, the use of a 300 /im thick 
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continuous steel substrate disposed over the HTS 
superconductor with a critical temperature of 110 K and a 
50 fim epoxy thermal barrier disposed therebetween is 
shown. A fault condition was simulated by a 150 msec 
5 short-circuit, after which the current was turned off. 
Once again, current waveform 900 is shown initially at a 
fault condition (point 902) . However, because the HTS 
superconductor member is separated from the steel 
substrate by the thermal barrier, their respective 

10 temperatures do not track each other and a return to the 
normal, i.e. superconducting, state was possible within 
100 ms after the end of the short-circuit. In contrast, 
an arrangement made with the same 300 fim thick continuous 
steel substrate disposed over the same HTS superconductor 

15 but configured as in Fig. 4 without separation of the 
superconductor member and stabilizer substrate, would 
reach steady state at a superconductor temperature 
greater than 110 K. 

Still other embodiments are within the scope of 

20 the claims. 

What is claimed is: 
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1. An electrical conductor for carrying 
electrical current, the conductor comprising: 

an elongated superconductor member including 
superconducting material; 
5 a thermal conductor attached to and along the 

length of the superconductor member, and 

electrically-insulative material disposed between 
the thermal conductor and the length of the 
superconductor member, the electrically-insulative 
10 material having a thickness which allows heat from the 
superconductor member to be conveyed to the thermally- 
conductive elements. 

2 . The electrical conductor of claim 1 wherein 
the superconductor member is a length of superconductor 

15 composite including superconducting material and metal 
matrix material in contact with the superconducting 
material . 

3 . The electrical conductor of claim 2 wherein 
the superconducting material is in the form of a 

20 plurality of superconducting filaments, the 

superconducting filaments surrounded by the metal matrix. 

4 . The electrical conductor of claim 1 wherein 
the superconducting material is in monolithic form. 
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5. The electrical conductor of claim 1 wherein 
the thermal conductor includes a plurality of thermally- 
conductive elements, each in a spaced relationship from 
an adjacent thermally-conductive element. 

5 6. The electrical conductor of claim 5 wherein 

the electrically- insula tive material and the thermal 
conductor together form a first laminate! 

7. The electrical conductor of claim 6 further 
comprising a second laminate disposed on the first 
10 laminate, the second laminate including: 

a second electrically- insulative material disposed 
on the thermal conductor of the first laminate; and 

a second thermal conductor attached to the second 
electrically- insulative material . 

15 8. The electrical conductor of claim 7 wherein 

the thermally-conductive elements of the first laminate 
and the thermally-conductive elements of the second 
laminate are offset from each other relative to the 
length of the superconductor member-. 

20 9. The electrical conductor of claim 7 wherein 

the first laminate is attached to a first side of the 
length of the superconductor member and the second 
laminate is attached to a second, opposite side of the 
length of the superconductor member . 

25 10. The electrical conductor of claim 1 wherein 

the elongated superconductor member is in the form of a 
tape . 
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11. The electrical conductor of claim 10 wherein 
the tape has a thickness in a range between about 5 to 
500 microns. 

12. The electrical conductor of claim 1 wherein 
5 the superconducting material is formed of an anisotropic 

superconducting material. 

13. The electrical conductor of claim 12 wherein 
the anisotropic superconducting material is a high 
temperature superconductor. 

10 14. The electrical conductor of claim 1 wherein 

the thermal conductor has a thickness in a range between 
about 100 and 1,000 microns. 

15. The electrical conductor of claim 1 wherein 
the thermal conductor is formed of stainless steel. 

15 16. The electrical conductor of claim 1 wherein 

the electrically- insulative material has a thickness in a 
range between about 5 and 50 microns. 

17. The electrical conductor of claim 1 wherein 
the electrically- insulative material is a polyimide 

20 material. 

18. A current-limiting device comprising: 
a support structure; 

an electrical conductor for carrying electrical 
current, the electrical conductor disposed on the support 
2 5 structure and including: 

an elongated superconductor member including 
superconducting material; 
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a thermal conductor attached to and along the 
length of the superconductor member, each in a spaced 
relationship from an adjacent thermally-conductive 
element ; and 

5 electrically-insulative material disposed between 

each of the thermally-conductive elements and the length 
of superconductor member, the electrically-insulative 
material having a thickness which allows heat from the 
superconductor composite to be conveyed to the thermally- 
10 conductive elements. 

19. The current-limiting device composite of 
claim 18 wherein the support structure includes an inner 
support tube defining a longitudinal axis of the current-' 1 
limiting device, the superconductor member wound around 

15 the inner support tube. 

20. The current -limiting device of claim 18 
wherein the superconductor member is a length of 
superconductor composite including superconducting 
material and metal matrix material in contact with the 

20 superconducting material. 

21. The current-limiting device of claim 20 
wherein the superconducting material is in the form of a 
plurality of superconducting filaments, the 
superconducting filaments surrounded by the metal matrix. 

25 22. The current - limit ing device of claim 18 

wherein the superconducting material is in monolithic 
form. 
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23. The current-limiting device of claim 18 
wherein the thermal conductor includes a plurality of 
thermally-conductive elements. 

24. The current -limiting device of claim 23 
5 wherein the electrically- insulative material and the 

thermal conductor, together forming a first laminate. 

25. The current -limiting device of claim 24 
further comprising a second laminate disposed on the 
first laminate, the second laminate including: 

10 a second electrically-insulative material disposed 

on the thermal conductor of the first laminate; and 

a second thermal conductor attached to the second 
electrically-insulative material . 

26. The current-limiting device of claim 25 
15 wherein the thermally- conductive elements of the first 

laminate and the thermally-conductive elements of the 
second laminate are offset from each other relative to 
the length of the superconductor member. 

27. The current-limiting device composite of 
20 claim 18 wherein the plurality of thermally-conductive 

elements and electrically-insulative material are the 
remaining portions of an insulated conductive wire 
following removal of opposing side portions of the 
insulated conductive wire. 

25 28. A method of fabricating an electrical 

conductor comprising 

providing an elongated superconductor member; 

providing along the length of the superconductor 
member a thermal conductor, and 
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providing an electrically- insulative material 
between the. thermal conductor and the length of the 
superconductor member, the electrical ly- insulative 
material having a thickness which allows heat from the 
superconductor member to be conveyed to the thermal 
conductor . 

29. The method of claim 28 wherein providing the 
thermal conductor along the length of the superconductor 
member and providing the electrically- insulative material 
includes forming a first laminate from the elect rically- 
insulative material and thermal conductor. 

30. The method of claim 28 wherein providing the - 
thermal conductor elements along the length of the 
superconductor member and providing the elect rically- 
insulative material includes removing* opposing side 
portions of an insulated conductive wire. 
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